Abstract-Uniaxial loading of human lens, zonules, ciliary muscle, and choroid shows a nonlinear relationship between stress and deformation of the specimen, and hysteresis on unloading. Spring constants, at 10% elongation, have been calculated for all specimens and for several combinations. Except for zonules they are significantly correlated with age.
INTRODUCTION
Four structures are involved in accommodation: the lens, zonules, ciliary muscle and choroid. For an ultimate mechanical model it is necessary to know the force-displacement relations for each of these tissues, as well as the force exerted by the ciliary muscle.
The geometric arrangements of these four structures is indeed a complicated one, particularly for an experimental determination of their individual mechanical properties. The zonules are extremely thin, too thin to be clamped. The spherical shape of the lens, in a frontal plane, obviates simple experiments of a "standard" nature. Choroid and ciliary muscle are delicate and hard to cut into strips of uniform width.
More than a century after Helmholtz's (1856) famous study of lens changes during accommodation, it is still not clear why the changes in shape or movement of the posterior capsule are presumably minor compared to the much thicker anterior capsule. The role of the lens substance in accommodation is also unclear. O'Neill and Doyle (1968) in their theoretical studies (based on data from a diagrammatic sketch by Helmholtz, 1856) considered the lens to be a liquid-filled membrane, with the liquid serving only to provide an interior pressure resisting the capsule. Koretz and Handelman (1982) on the other hand assumed in their model that the entire lens was a solid elastic structure, with no distinction between the capsule and its contents. Since both studies consider only the anterior portion of the lens, and contain no reliable experimental data about even the order of magnitude of the material constants, a quantitative evaluation of their models is impossible.
In an effort to provide some measure of the physical properties of the lens, Fisher (1971) determined Young's modulus (E) of elasticity of human lens by spinning the lenses around the anterior-posterior polar axis. These measurements however required mechanical models to allow for material property evaluation. In the spinning experiment, for example, the model consisted of a series of rotating concentric rings, each generating circumferential stresses to resist the centrifugal forces generated by the spinning. Such a model is not capable of differentiating between the properties of the capsule and those of the lens substance; it is a two-dimensional thin disk model of a very three-dimensional body. In spite of these criticisms, these experiments are certainly the most sophisticated which have been performed for determining the material properties. That the numbers can be
